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Abstract

The detection of insulator fouling is of great significance for the safe and stable operation of power
EIREE

XESH: BRiE S, WP, A48, Rk, B B, BOLE S S g LG 42115 R o0 2 24 RS i I R SR AL
O[], B BE K, 2025, 15(4): 95-100. DOI: 10.12677/5g.2025.154010


https://www.hanspub.org/journal/sg
https://doi.org/10.12677/sg.2025.154010
https://doi.org/10.12677/sg.2025.154010
https://www.hanspub.org/

WriE

[m]
HH

%

systems. Traditional fouling detection methods have problems such as inconvenient operation and
the inability to perform online in-situ detection. In this study, the Laser-Induced Breakdown Spectros-
copy (LIBS) technology was applied to detect the elemental composition and content of insulator foul-
ing. A remote detection system was constructed to carry out laser excitation on multiple points of the
insulator sample surface at a distance of 3 meters, so as to obtain spectral information and conduct
qualitative and quantitative analysis. The results demonstrate that the LIBS can effectively detect mul-
tiple elements in contaminants in a non-contact manner, including Al, Si, Na, Mg, and Ca. Quantitative
analysis of these elements was achieved using the standard curve method, with R? values exceeding
0.85 for all calibration curves. The relative standard deviations (RSD) for quantitative determination
of Ca and Mg were 5.58% and 9.78%, respectively. Based on quantitative contaminant composition
analysis, a technical framework for contaminant management and source tracing can be established
using elemental composition data. Combined with regional environmental data, this system can ana-
lyze the distribution and migration patterns of pollution sources, providing a scientific basis for deci-
sion-making in designing anti-pollution flashover measures for power systems and comprehensive
environmental pollution control in regional areas.
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Table 1. Element content of artificial fouling samples

T ALSHHERTIESE

Al Si Na Mg Ca Cl (6] S
S1 2.21 38.96 1.64 0.84 1.51 5.19 48.55 1.11
S2 4.41 31.17 3.28 1.68 3.01 10.39 43.85 2.22
S3 44.12 1.95 1.64 0.84 1.51 5.19 43.65 1.11
S4 35.29 3.90 3.28 1.68 3.01 10.39 40.24 222
S5 0 46.8 0 0 0 0 53.2 0
S6 529 0 0 0 0 0 47.1 0

HARfl s AR Eo5k, MRIETSACE, 8 mofs B i 7 RT (RS 0.001 @) ER AR B B4 AW
BtJe, KRR Y E T AT R BRI, BOEFE DN 300 v/min,  WHEN Ry 60 min, EIEEREHL
IS ST S IR e R, B IRTS RO REAR RIS e, SRAVE RIRRNERIR GBS i)
WETHG TR, WG AZ T ROHGHYNER .

2.2. iI&iE LIBS (8

AW ST AR LIBS KRGSt . REMMRERE RS Sl L= R 5. Bokax
F Nd:YAG fkfioegs, TAER K NEEM 1064 nm, HFAKMHERE 40 m), Bkl 98 6 ns, TAEMI® 10 Hz.
SR 4% 130 mm, H2EE 650 mm . SZ562E B ] 3 ik E B Sk AR PR SIS [R5 B R R S IR TS OK -
SR FH P TH e 22 38 18 e 1 O AE 45 88 1ok
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Figure 1. Spectrum diagram of natural insulator fouling
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Figure 2. Fouling element calibration curve based on artificial fouling
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Table 2. Element quantitative curve equations and linear coefficients

2. TEREEHEGIEMEMERY

TCE a b R?
Al 17.58 76.5 0.98
Si 9.58 30.72 0.85
Na 753.34 1134.37 0.87
Mg 124.65 1358.53 0.97
Ca 647.55 136.23 0.99

BT ERERITECE 2), PR AT R ITRIE B RAE, € RaIra R mnE 3 P, Lk
ZERROR, AR LIBS % E € f 4 R 2200 2 2R, BB B I 77

Table 3. Quantitative detection results of metal elements in fouling

F 3. SHHERTENEERNLER

5 Ca JLHEMAME(%)  Ca MEELME(%) Mg mHZMik(EH©%) Mg GR AL (%)
1 4.22 8.87
2 4.66 8.24
3 433 8.06
4 4.08 8.99
5 4.65 7.5
4.50 8.40
6 4.65 9.0
7 42 9.08
8 4.65 7.52
9 4.14 6.84
10 4.19 7.52
PIME 4.38 8.16
PRt 22 0.24 0.8
HEXT 5 1 Al 22 5.58 9.78
4. Eig
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(0 JE AL AR T — R E PR R T B, ARG IRAEAE AR LIBS & B Ef 1T b, b IR %5 T SEBr
5775 al IO EZCEZ ST 7 0

DOI: 10.12677/sg.2025.154010 99 B HE L


https://doi.org/10.12677/sg.2025.154010

WriE

o

%

E&WE

[10]

B RHE I H (GDKIXM20230903) % 4% Bl .

%30k

2 B X I S H 2R B P R IO R B RE MR 7S []. B3R, 2025, 66(9): 134-137.

IR, MIOORE, 257, . B 2 N A LTS R ORI 48 2 T i AL A LI o0 A I RS BIE AT (0], MLHAE R,
2024(23): 26-29.

Hik, &, i & RN AT B IRESE M) B ITER, 2023(23): 185-188.

FF, AENE, PR, & Sl T ERAZ T RINFAGRET ). LR IIEIR, 2024, 51(8): 78-84.
WA, FHGHE, BRI, 5. 7 [ SR8 A 80 B A IR 48 S AR 15 B9 TN 48 R PE RS I AT 9 [J]. AT RE L /7, 2019(S1): 52-55.
HBE, &, BER, . RNIKEER X B TS RRED]. P E R, 2018, 51(12): 107-113.

¥, KR, SaEGE, . HOLE S o A S VLA E S M IR E SR TR E E T TE AR
MR 2441, 2025, 44(6): 1115-1122.

2, TR, FIABOLHE B O0E BE& &M a7 2 R RN E 2], Jeik 255615547, 2009,
29(12): 3375-3378.

FETI, EAK, EHOR, & HOLESTHF LSS CARS-PLSR VLM & BAG M 452 758, T IE BT
TE2E4R, 2020, 40(4): 1378-1386, 1428.

2, BIRUR, R % B TEOCE S et E SR SEAG AR Aoy BT [I]. R E R,
2019, 47(1): 72-76, 93.

DOI: 10.12677/sg.2025.154010 100 B HE L


https://doi.org/10.12677/sg.2025.154010

	激光诱导击穿光谱对绝缘子污秽元素组成和含量的快速原位检测
	摘  要
	关键词
	LIBS for Rapid In-Situ Detection of the Composition and Content of Insulator Fouling Elements
	Abstract
	Keywords
	1. 前言
	2. 实验样品与方法
	2.1. 绝缘子污秽样品
	2.2. 远程LIBS装置
	2.3. 元素定量方法

	3. 结果与讨论
	4. 结论
	基金项目
	参考文献

